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Some details

Bowman trajectory model

meteorology from MERRA and ERA-
Interim
6-hour instantaneous horizontal winds

diabatic trajectory 6-hour average heating
rates

add parcels every day @ 365 K

parcels removed after 10 years or if they
descend into the troposphere

Model has CH4 oxidation i} E E—ﬁ
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Some details

e Bowman trajectory model

 meteorology from MERRA and ERA.-
Interim
e 6-hour instantaneous horizontal winds

* diabatic trajectory 6-hour average heating
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Remember: the model just has temperature in it
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slope = 0.23 ppmv

peak-to-peak amplitude
of the QBO = ~0.45 ppmv

high-pass H20 anomaly (ppmv)
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[consistent with Giorgetta and Bengtsson, 1999;
Geller et al., 2002; Randel et al., 2004;

Chiou et al., 2006]
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What controls interannual
variability of stratospheric water?

QBO

0.45 ppmv

[ —
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What controls interannual
variability of stratospheric water?

QBO

0.45 ppmv
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¢ Holton et al.: STRATOSPHERE-TROPOSPHERE EXCHANGE 33, 4/ REVIEWS C
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smoothed MERRA H20* with low-pass (5-year) filter
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Qdot = 100-hPa heating rate averaged 25N-235S
smoothed with 5-year FFT filter
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Qdot = 100-hPa heating rate averaged 25N-25S
smoothed with 5-year FFT filter
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What controls interannual
variability of stratospheric water?

QBO 0.45 ppmv
ENSO ~ ZET0
Mt. Pinatubo 0.2-0.4 ppmv

[ —
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What controls interannual
variability of stratospheric water?

QBO 0.45 ppmv
ENSO ~ ZET0
Mt. Pinatubo 0.2-0.4 ppmv
Brewer-Dobson 0.4-0.5 ppmv

circulation

40
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What controls interannual
variability of stratospheric water?

mntely QBO 0.45 ppmv
ENSO ~ ZEro

=== Mst. Pinatubo 0.2-0.4 ppmv
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circulation
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H20* roxy= -8.7%Qdot + 0.23*QBO

BD circulation
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Green line is the model
Blue line is a proxy H20* = -8. 7*Qd°tf + 0. 23*QBO
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Green line is the model
Blue line is a proxy H20* = -8. 7*Qd°tf + 0. 23*QBO

1.0

— H20*proxy
—— merra

0.5F

AN
T TV

El Chichon
Apr. ’82

_lbeO 1985 1990 1995 2000 2005 2010

H20 anomaly (ppmv)

C_/

——

Monday, October 1, 12




Green line 1s the model
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Green line is the model
Blue line is a proxy H20* = -8. 7*Qd°tf + 0. 23*QBO
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Green line is the model
Blue line is a proxy H20* = -8. 7*Qd°tf + 0. 23*QBO
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Scorecard

* Successtully analyzed the past few decades
e But what does this tell us about the future?

 Models predict an increase 1in water entering
the stratosphere

* Why?

L]
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Averaged over Longitude 180W—180E, Latitude 90S—90N and Time: Jul2011-Jul2012
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Averaged over Longitude 180W—180E, Latitude 90S—90N and Time: Jul2011-Jul2012
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Averaged over Longitude 180W—180E, Latitude 90S—90N and Time: Jul2011-Jul2012
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Averaged over Longitude 180W—180E, Latitude 90S—90N and Time: Jul2011-Jul2012
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Averaged over Longitude 180W—180E, Latitude 90S—90N and Time: Jul2011-Jul2012
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Averaged over Longitude 180W—180E, Latitude 90S—90N and Time: Jul2011-Jul2012
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Conclusions

e Over the past few decades the fundamental control of
H20 entry value = QBO, BD circulation, volcanoes

e Each affects stratospheric entry value by ~0.4-0.5

ppmyv

* In the upcoming century, (ATM) warming of the TTL
drives a long-term increase; stronger BD circulation
offsets some of that increase

— warming of the TTL dominates

e Contact me i1f you want the trajectories

[ —
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Proxy = C*Qdot
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Data are low-pass filtered
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Tropical Tape Recorder

HALOE & MLS

1993 CFSR 2010
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MERRA vs. MLS, HALOE
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Green line 1s the model
Blue line is a proxy H20* = -4.6*Qdot: + 0.22*QBO
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